used. Not all the beetles were used for constructing and measuring karyotypes, but all were checked for the distinguishing karyotype features of their species, and for any possible evidence of hybridisation. Methods of chromosome preparation and C-banding are as described by Wilson (2001) . Relative Chromosome Length (RCL) and Centromere Index (CI) are as described by Wilson (loc. cit.) . Following Sumner (2003) the centromere positions of all the chromosomes would be regarded as submetacentric , but that does not reflect the appearance of many of the chromosomes. In the detailed analyses of RCL and CI of O. similis and O. opacicollis (Tables 2 and 3 ) the sample size (N) refers to the number of chromosomes measured (normally two per nucleus), not the number of different beetles. This is based on the assumption that the random variation being compensated for is due to irregularities in chromosome condensation, not minor differences between the chromosomes of different beetles within either the species or populations. This has been tested by comparing the RCL results calculated from individual chromosome measurements with those obtained by using calculated means for each chromosome per beetle, using O. similis and Spanish O. opacicollis, where the number of different beetles is high enough for useful analysis. The results are shown in Table 4 , and show little difference between the results obtained by the two methods.
Results
All three species have the diploid compliment 2n = 18 + Xy (?), XX (/).
Onthophagus similis
Figs 1a-j The RCL and CI values for this species are given in Table 2 . The most characteristic features of the karyotype are the almost metacentric autosome 9 (CI about 43.3) and the very small y chromosome (RCL about 2). There is a conspicuously almost metacentric autosome (RCL about 43.7) about half way along the karyotype. It is here placed as autosome 5 for ease of comparison with a similar chromosome in O. opacicollis, though in strict size order it should be placed as pair 6. Autosomes 4 and 6 have CIs of about 34 and 31. The C-bands (Fig 1b, c, g, j) are confined to the centromeres and do not extend Table 1 . Material used for chromosome analysis. Number of specimens used in the analysis given in parentheses.
Species
Localities (number of specimens analysed) along any of the chromosome arms. Fig 1h shows an untreated specimen with some spontaneous C-type banding. In this preparation there are moderately developed interstitial bands on the long arms of chromosomes 1 and 4, and very strong terminal bands on the long arms of chromosome 3. Some specimens have a small B-chromosome, RCL about 4 (Fig 1c) . The B-chromosome is not present in all cells of beetles which carry it. The nuclei illustrated in Fig 1c,  d are from the same beetle. The karyotypes obtained from this species are very consistent in their appearance, with no differences between specimens from northern England, northern and central France, and central Spain.
Onthophagus opacicollis
Figs 2 a-n The RCL and CI values for all analysed material of this species are given in Table 2, while Table 3 gives these values for Spanish, Sardinian and Cypriot material separately. The only discrepancy in the material concerns autosome 5. In Spanish material it appears slightly longer than in that from Sardinia and Cyprus, though the 95% confidence intervals for Spanish and Cypriot material overlap, as they do for Sardinian and Cypriot material. Analysing the results using average values per beetle does not alter the pattern (Table 4) . In Spanish material the almost metacentric chromosome 5 (CI about 44 in all populations) is slightly longer than autosome 6, with the 95% confidence intervals not overlapping. In Sardinian and Cypriot material autosome 5 appears very slightly shorter than autosome 6, but with extensive overlap of the 95% confidence intervals. It is not clear how this difference comes about. Autosomes 4 and 6 have CIs of about 37 and 33, so it seems unlikely that there has been much misattribution of chromosomes when assembling the karyotypes. As this is the only difference detected in the analysis, I do not feel that it should be taken as implying that there is more than one species involved, so combined data are used in comparing the karyotypes of O. opacicollis and O. similis. A small B-chromosome, about half the size of the y chromosome, is present in some Spanish and Sardinian material.
The most characteristic features of the O. opacicollis karyotype (when compared with that of O. similis) are the almost subacrocentric autosome 9 (CI about 28) and the much larger y chromosome (RCL about 4.5, easily twice that of O. similis). Other features to note are the tendency of the C-band of autosome 9 to extend along its short arm, especially if this arm is somewhat expanded (Fig 2i) , and a similar tendency for the C-band to run along the short arm of the X chromosome (Fig 2b, d , i, k, m). These extendable bands may be associated with nucleolus organisers, which could explain why they tend to be confined to the centromere regions in more heavily treated preparations (Fig 2g) . 9.7 9.8 9.5 42.1 37.6 38.1 9.5-9.9 9.5-10.2 9.2-9.8 39.6-44. 
Onthophagus fracticornis
Figs 3 a-f
The karyotype of this species is clearly distinguished from those of the other two by the large almost metacentric X chromosome (RCL about 15.5). The y chromosome is as large as that of O. opacicollis (RCL about 4). All the autosomes, and the X chromosome are more or less metacentric, but autosome 5 has an inversion polymorphism, with one variant being subacrocentric. In some specimens from the Šar Planina there is a B-chromosome present. This chromosome is not obviously different from the y chromosome.
C-banding shows heavy centromeric C-bands on all the autosomes, and a small but distinct centromeric C-band on the submetacentric y chromosome and the B-chromosome. The C-band on the X chromosome is larger than those of the autosomes, extends further along the long arm than the short arm.
In most preparations there are faint C-bands near the middles of some of the chromosome arms (Fig 3d, f ) . The positions of these bands are consistent. 
Discussion
The most striking feature of the results of this investigation is the clear and consistent differences between the karyotypes of O. similis and O. opacicollis, regardless of the geographical origin of the material. The y chromosome of O. opacicollis is at least twice the size of that of O. similis, and even allowing for the heavy C-band of the O. opacicollis chromosome almost certainly carries more euchromatin and hence genetic material. It is also worth noting that measurement of a chromosome as small as the O. similis y cannot be accurate because of the variation in size resulting from the intensity of printing required for a dot to register on the photographic paper. The different centromere positions of autosome 9 in the two species could be simply the result of a pericentric inversion, but whatever its origin it provides a clearly recognisable difference between the two karyotypes. The different behaviour of the C-bands on autosome 9 and the X chromosome of the two species suggests that there may be a nucleolus organiser on these chromosomes in O. It is also worth noting that the departure of the allozyme frequencies of O. fracticornis from those expected from the Hardy-Weinberg equilibrium is extremely unlikely to result from hybridisation -this species is clearly distinct from the other two, both morphologically and chromosomally, and there is no serious suggestion that it hybridises with them. There is thus good reason to believe that the allozyme frequencies in these beetles are, in some cases at least, liable to alteration by natural selection. From a species identification standpoint, the emerging picture is that while O. similis is fairly constant in the morphology of the head and pronotum (lateral margins of head at most very slightly flattened or with a hint of sinuation at the level of the genal sutures, pronotal sculpture of distinct, only weakly rasp-like punctures), O. opacicollis is much more variable. Some specimens appear morphologically indistinguishable from O. similis, most notably in this study a small (4.5 mm long) male from San Roque, karyotype shown in Fig 2e. This specimen, a minor male with both the frontal and vertical carinae present on the head, but not of the female form, has the lateral margins of the head very slightly straightened at the level of the genal sutures, and the pronotal punctures weakly rasp-like ("ponctuation râpeuse" of Paulian (1959, p. 83) and Baraud (1992) , "punteado rasposo" of Martín-Piera and López-Colón (2000, p. 365)). Other specimens from this area of southwest Spain have the lateral margins of the head clearly sinuate and the pronotal sculpture much coarser, in some cases to the extent of the raised anterior margins of the punctures effectively replacing the punctures themselves, giving the granulate appearance mentioned by Baraud (1992) . In some minor males from both southwest and west-central Spain the carinae of the head are entirely "female" in form, and the sex of the specimens only became apparent when they were dissected in the course of chromosome preparation. I have not seen such totally femalelike males in O. similis. One other variant worthy of note occurs on Sardinia. In these specimens the head characters are well developed, but the pronotal punctures are rather large and sparse, with their anterior margins only very weakly raised, suggesting O. fracticornis, though in that species the punctures are slightly larger and sparser. The parameres rule out O. fracticornis for these Sardinian specimens, as do the karyotypes (Fig 2k, l) . The karyotype of O. fracticornis is very distinct from the other two, not least in the much longer, submetacentric, X chromosome. The y chromosome is similar in size to that of O. opacicollis. One interesting feature of this karyotype is the presence of small C-bands along the arms of some of the chromosomes. This has not been found in the other two species, but an O. similis karyotype with spontaneous C-type banding (Fig 1h) shows somewhat similar bands on autosomes 1, 3 and 4.
